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CONFIGURATIONS AND METHODS FOR EFFLUENT GAS TREATMENT 

This application claims the benefit of U.S. provisional application number 60/333,938, 
filed November 28, 2001, which is incorporated herein by reference. 

5 Field of The Invention 

The field of the invention is treatment of effluent gases from sulfur removal processes, 
and especially effluent gases from an S Zorb process (Sulfur removal technology by Phillips 
Petroleum). 

Background of The Invention 

10 Sulfur removal from effluent gases has become increasingly important as regulations 

require refineries and other petrochemical facilities to reduce their output of sulfurous 
compounds below previously tolerated concentrations. There are various processes known in the 
art to recover sulfur from numerous process gases. 

For example, in a typical Claus sulfur recovery plant configuration, hydrogen sulfide is 
1 5 catalytically oxidized to elemental sulfur by reacting hydrogen sulfide with sulfur dioxide, which 
is typically generated in the same process by combustion of hydrogen sulfide with air in a reactor 
furnace. Because the Claus reaction represents an equilibrium chemical reaction, it is not 
possible for a Claus plant to convert all the incoming sulfur compounds to elemental sulfur. To 
increase at least to some extent the sulfur recovery, two or more stages may be coupled in series. 
20 However, depending on the configuration and initial concentration of sulfur compounds, 

multiple stages may not sufficiently limit output of hydrogen sulfide and/or sulfur dioxide in 
such plants. 

Consequently, additional tail gas treatment units may be used to further reduce the output 
of hydrogen sulfide and/or sulfur dioxide. For example, some process configurations include 
25 heating and reducing all sulfur compounds to hydrogen sulfide, cooling and quenching, and 

hydrogen sulfide absorption, stripping and recycle as depicted in prior art Figure 1. Here, sulfur 
components in the Claus tail gas are reduced to hydrogen sulfide in a hydrogenation reactor. The 
so formed hydrogen sulfide is then removed in an amine or other removal unit. While such 
processes are relatively simple and effectively remove sulfur from the feed gas to a significant 
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extent, they are typically limited to sulfur dioxide concentrations of less than 1 percent in the 
feed gas (here: the Claus tail gas). At sulfur dioxide concentrations higher than about 1.5 percent, 
the temperature across the hydrogenation reactor will rise to unacceptable levels and likely 
damage or even completely destroy the catalyst bed. Moreover, the feed gas for such processes 
5 typically needs to be substantially free of oxygen for proper operation of the hydrogenation 
reactor. 

Alternatively, sulfur can be removed in a process, in which sulfur and its compounds 
entrained in the tail gas of a Claus plant are converted to hydrogen sulfide through simultaneous 
hydrogenation and hydrolysis (DelaMora, et al. 1985). The so generated hydrogen sulfide is then 

10 converted to elemental sulfur in a Stretford process using an alkaline solution of salts on 

vanadium oxide (V 2 0 5 ) and anthraquinone disulfonate to absorb and oxidize hydrogen sulfide to 
sulfur. The hydrogenation step is substantially the same as in the process described above; 
therefore, it is subjected to the same limitations. Hence, despite a relatively high rate of sulfur 
removal, the feed gas is generally limited to sulfur dioxide concentrations of less than 1 percent 

15 in the feed gas (here: the Claus tail gas). 

; 

Although various configurations and methods are known to reduce sulfur concentrations 
in effluent streams, all or almost all of them suffer from one or more disadvantages. Among 
other things, known processes are frequently limited to an essentially oxygen free feed gas and a 
sulfur dioxide concentrations of less than 1 percent in the feed gas. Therefore, there is still a need 
20 to provide improved methods and configuration to reduce the sulfur content in effluent gases. 

Summary of the Invention 

The present invention is directed to a plant that includes a process unit producing an 
effluent gas comprising sulfur dioxide, a hydrogenation reactor that is fluidly coupled to the 
process unit and that receives a mixed feed gas comprising at least a portion of the effluent gas, 

25 and that produces a hydrotreated feed gas comprising hydrogen sulfide. A contactor is fluidly 
coupled to the hydrogenation reactor and employs a solvent that removes the hydrogen sulfide, 
thereby producing a hydrogen sulfide depleted offgas, and a recycle loop is fluidly coupled to the 
contactor and the hydrogenation reactor, wherein at least a portion of the hydrogen sulfide 
depleted offgas from the contactor is combined with the effluent gas to form a mixed feed gas 

30 with a sulfur dioxide concentration no more than 2.5%. 
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In one aspect of the inventive subject matter, the process unit comprises a catalyst 
regenerator in an S Zorb process and the effluent gas is a catalyst regenerator effluent gas with 
sulfur dioxide at a concentration of between about 0% to 5%. It is further preferred that the 
sulfur dioxide concentration in the mixed feed gas is no more than 1.7%, and even more 
5 preferably no more than 1.5%. Particularly contemplated hydrogenation reactors comprise a 

cobalt molybdenum catalyst, and especially contemplated solvents comprise an amine-containing 
solvent. 

In another aspect of the inventive subject matter, contemplated plants further include a 
reducing gas generator that receives at least a portion of the effluent gas, wherein the reducing 
10 gas generator is configured and operated under a condition that substantially depletes the effluent 
gas from oxygen. It is also preferred that between about 20% to about 40% of the hydrogen 
sulfide depleted offgas from the contactor is combined with the effluent gas to form the mixed 
feed gas to the hydrogenation reactor. 

Various objects, features, aspects and advantages of the present invention will become 
1 5 more apparent from the following detailed description of preferred embodiments of the 
invention, along with the accompanying drawings in which like numerals represent like 
components. 

Brief Description of The Drawings 

Figure 1 is a schematic view of a prior art configuration for tail gas treatment. 

20 Figure 2 is a schematic view one exemplary configuration according to the inventive 

subject matter. 

Figure 3 is a schematic view of a prior art configuration for an S Zorb process. 

Detailed Description 

The inventor has discovered that effluent gases with a relatively high concentrations of 
25 svdfur dioxide (i. e. , above 1 .5%) can be treated in a process including a hydrogenation reactor by 
mixing the effluent gas with another gas that is substantially free (i.e., less than 0. 1%) of sulfur 
containing compounds to effectively reduce the concentration of sulfur dioxide in the effluent 
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gas to a level that allows hydrotreating without excessive heat development in the hydrogenation 
reactor. 

In a particularly preferred aspect, the inventors contemplate a configuration as depicted in 
Figure 2 in which the effluent gas is a regen gas from a S Zorb process (here: the effluent gas 
5 from the catalyst regenerator; see prior art Figure 3) having a typical sulfur dioxide content of 
about zero to 3% and an oxygen content of about zero to 4%. The oxygen content is preferably 
reduced by introducing the effluent gas into a reducing gas generator that is operated using 
natural gas and air, and by feeding hydrogen, if needed to supply sufficient reducing gas to the 
effluent gas. Typical operation conditions are selected such that the oxygen is substantially 

10 completely removed from the effluent gas. Thus, a typical operation temperature will be between 
about 1000° and 1500°F, and more preferably about 1200°F. Alternatively, it is contemplated that 
the oxygen concentration may also be reduced by methods other than a reducing gas generator, 
and especially contemplated include catalytic conversion or destruction of oxygen. The resulting 
substantially oxygen free and heated effluent gas is then cooled and mixed with a recycle stream 

15 to form a hydrogenation reactor feed stream, which is introduced into a hydrogenation reactor. A 
further reactor cooler cools the hydrogenation reactor effluent stream, and the hydrogen sulfide 
formed in the hydrogenator reactor is subsequently absorbed in an amine contactor. The amine 
solvent is recycled, and the now substantially hydrogen sulfide free (i.e., less than 0.1%) effluent 
gas is split into a first gas steam and second gas stream, wherein the first gas stream leaves the 

20 plant and wherein the second gas stream is used as the recycle stream (supra) to reduce the 
effective concentration of sulfur dioxide in the hydrogenation reactor feed gas. 

It should be especially appreciated that in alternative aspects of the inventive subject 
matter the effluent gas need not be limited to a regen gas from a S Zorb process (Phillips 
Petroleum), and it is contemplated that all gas streams containing sulfur dioxide concentrations 
25 higher than 1.5% are suitable. For example, alternative gas streams may include 2.5% or 3.7%, 
and even more sulfur dioxide. Thus, where contemplated effluent gases are sufficiently low in 
oxygen, it is contemplated that appropriate configurations need not necessarily comprise a 
reducing gas generator. 

With respect to the hydrogenation reactor, it is contemplated that all known 
30 hydrogenation reactors may be employed for use in conjunction with the teachings presented 
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herein, and that suitable hydrogenation reactors may or may not include various catalysts. 
However, particularly preferred hydrogenation reactors include a cobalt molybdenum catalyst. 
Furthermore, it should be appreciated that the removal of the hydrogen sulfide formed in the 
hydrogenation reactor need not be limited to an amine-solvent based contactor/stripper, and it 
5 should be recognized that all hydrogen sulfide removal devices are suitable, so long as such 

devices produce a substantially hydrogen sulfide free (i.e., less than 0.1%) off gas stream that can 
be employed as a recycle gas stream to reduce the effective concentration of sulfur dioxide in the 
hydrogenation reactor feed gas. 

While it is generally preferred that the recycle gas stream is drawn from the substantially 
10 hydrogen sulfide free contactor offgas in an amount of about 20-40%, it should be recognized 
that the exact amount will typically depend on the concentration of sulfur dioxide in the effluent 
gas. Consequently, amounts higher than 40% are contemplated as well as less than 20%. 
Moreover, it should be appreciated that at least a portion of the recycle gas may also be derived 
from alternative sources within the plant, so long as such sources provide a gas that is 
15 substantially oxygen and sulfur dioxide free. In a still further aspect of the inventive subject 

matter, it is contemplated that the mixing of the sulfur dioxide rich effluent with the recycle gas 
stream may be performed at various points, so long as the mixed stream will be formed upstream 
of, or at the hydrogenation reactor. For example, at least a portion of the recycle gas stream may 
be directed into the hydrogenation reactor. 

20 In still further alternative aspects it is contemplated that the effluent gas of a S Zorb 

process may comprise S0 2 concentrations of about 1 .5% or even less, especially where the 
regeneration process for the catalyst is run in a continuous fashion. In such configurations (and 
other configurations where the effluent gas has an S0 2 concentration of less than 1.5%), it is 
contemplated that the effluent gas will still comprise oxygen to at least some degree, which may 

25 be detrimental to the catalyst bed in the hydrogenation reactor. Consequently, it should be 
appreciated that in alternative S Zorb regeneration configurations the effluent gas need not 
necessarily be mixed with a recycle gas to reduce the S0 2 concentration, but that the effluent gas 
will be fed into a reducing gas generator that receives at least a portion of the effluent gas, 
wherein the reducing gas generator is configured and operated under a condition that 

30 substantially depletes the effluent gas from oxygen. Thus, where the effluent gas comprises rela- 
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tively low concentrations of S0 2 (i.e., below 1.5%), it is contemplated that the effluent gas is 
processed in a reducing gas generator to (at least partially) remove oxygen from the effluent gas. 

It should further be appreciated that by using a hydrogenation reactor to remove sulfur 
dioxide from the effluent gas, and especially from the S Zorb regen gas, in a typical industrial 
5 application, the carbon monoxide concentration of the effluent gas is concomitantly reduced by 
reaction of the carbon monoxide and water to form carbon dioxide and hydrogen. 

Thus, it is contemplated that a plant may comprise a process unit producing an effluent 
gas comprising sulfur dioxide, and a hydrogenation reactor fluidly coupled to the process unit, 
receiving a mixed feed gas comprising at least a portion of the effluent gas, and producing a 

10 hydrotreated feed gas comprising hydrogen sulfide. Contemplated plants may further comprise a 
contactor fluidly coupled to the hydrogenation reactor and use a solvent that removes hydrogen 
sulfide, thereby producing a hydrogen sulfide depleted offgas, and still further comprise a recycle 
loop fluidly coupled to the contactor and the hydrogenation reactor, wherein at least a portion of 
the hydrogen sulfide depleted offgas from the contactor is combined with the effluent gas to 

1 5 form a mixed feed gas with a sulfur dioxide concentration of no more than 2.5%, more 

preferably no more than 1.7%, and most preferably no more than 1.5%. While not limiting to the 
inventive subject matter, it is contemplated that the sulfur dioxide concentration in the effluent 
gas is less than 5%, and more typically less than 3%. Preferred configurations may further 
comprise reducing gas generator that receives at least a portion of the effluent gas, wherein the 

20 reducing gas generator is configured and operated under a condition that substantially depletes 
the effluent gas from oxygen, and it is especially contemplated that between about 20% to about 
40% of the hydrogen sulfide depleted offgas from the contactor is combined with the effluent gas 
to form the mixed feed gas to the hydrogenation reactor. 

Thus, specific embodiments and applications for configurations and methods for 
25 improved effluent gas treatment have been disclosed. It should be apparent, however, to those 
skilled in the art that many more modifications besides those already described are possible 
without departing from the inventive concepts herein. The inventive subject matter, therefore, is 
not to be restricted except in the spirit of the appended claims. Moreover, in interpreting both the 
specification and the claims, all terms should be interpreted in the broadest possible manner 
30 consistent with the context. In particular, the terms "comprises" and "comprising" should be 
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interpreted as referring to elements, components, or steps in a non-exclusive manner, indicating 
that the referenced elements, components, or steps may be present, or utilized, or combined with 
other elements, components, or steps that are not expressly referenced. 
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CLAIMS 

What is claimed is: 

1. A plant comprising: 

a process unit producing an effluent gas comprising sulfur dioxide; 

a hydrogenation reactor fluidly coupled to the process unit, receiving a mixed feed gas 
comprising at least a portion of the effluent gas, and producing a hydrotreated feed gas 
comprising hydrogen sulfide; 

a contactor fluidly coupled to the hydrogenation reactor and using a solvent that removes the 
hydrogen sulfide, thereby producing a hydrogen sulfide depleted offgas; and 

a recycle loop fluidly coupled to the contactor and the hydrogenation reactor, wherein at least 
a portion of the hydrogen sulfide depleted offgas from the contactor is combined with the 
effluent gas to form a mixed feed gas with a sulfur dioxide concentration no more than 
2.5%. 

2. The plant of claim 1 wherein the process unit comprises a catalyst regenerator in an S Zorb 
process and wherein the effluent gas is a catalyst regenerator effluent gas. 

3. The plant of claim 1 wherein the sulfur dioxide in the effluent gas has a concentration of 
between about 0% to 5%. 

4. The plant of claim 1 wherein the sulfur dioxide in the effluent gas has a concentration of 
between about 0% to 3%. 

5. The plant of claim 1 wherein the sulfur dioxide concentration in the mixed feed gas is no 
more than 1.7%. 



6. 



The plant of claim 1 wherein the sulfur dioxide concentration in the mixed feed gas is no 
more than 1.5%. 



WO 03/045544 



9 



PCT/US02/25998 



7. The plant.of claim 1 wherein the hydrogenation reactor comprises a cobalt molybdenum 
catalyst. 

8. The plant of claim 1 whereinthe solvent comprises an amine-containing solvent. 

9. The plant of claim 1 further comprising a reducing gas generator that receives at least a 
portion of the effluent gas, wherein the reducing gas generator is configured and operated 
under a condition that substantially depletes the effluent gas from oxygen. 

10. The plant of claim 1 wherein between about 20% to about 40% of the hydrogen sulfide 
depleted offgas from the contactor is combined with the effluent gas to form the mixed feed 
gas to the hydrogenation reactor. 

11. A method of treating an effluent gas comprising 

providing a process unit producing an effluent gas that has a sulfur dioxide concentration of 
at least 1%; 

fluidly coupling a hydrogenation reactor to the process unit, and providing a mixed feed gas 
comprising at least a portion of the effluent gas to the hydrogenation reactor, thereby 
producing a hydrotreated effluent gas comprising hydrogen sulfide; 

fluidly coupling a contactor to the hydrogenation reactor and using a solvent that removes 
the hydrogen sulfide, thereby producing a hydrogen sulfide depleted offgas; and 

fluidly coupling a recycle loop to the contactor and the hydrogenation reactor, wherein at 
least a portion of the hydrogen sulfide depleted offgas from the contactor is combined 
with the effluent gas to form a mixed feed gas with a sulfur dioxide concentration of no 
more than 2.5%. 

12. The method of claim 1 1 wherein the process unit comprises a catalyst regenerator in a S 
Zorb process and wherein the effluent gas is a catalyst regenerator offgas. 
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13. The method of claim 1 1 wherein the sulfur dioxide concentration in the effluent gas is 
between about 1% and 3%. 

14. The method of claim 1 1 wherein the sulfur dioxide concentration in the effluent gas is 
between about 1% and 5%. 

15. The method of claim 1 1 wherein the sulfur dioxide concentration in the mixed feed gas is no 
more than 1.7%. 

16. The method of claim 1 1 wherein the sulfur dioxide concentration in the mixed feed gas is no 
more than 1.5%. 

17. The method of claim 1 1 wherein the hydrogenation reactor comprises a cobalt molybdenum 
catalyst. 

18. The method of claim 1 1 wherein the solvent comprises an amine-containing solvent. 

19. The method of claim 1 1 further comprising providing a reducing gas generator that receives 
at least a portion of the effluent gas, wherein the reducing gas generator is configured and 
operated under a condition that substantially depletes the effluent gas from oxygen. 

20. The method of claim 1 1 wherein between about 20% to about 40% of the hydrogen sulfide 
depleted offgas from the stripper is combined with the effluent gas to form the mixed feed 
gas to the hydrogenation reactor. 

21. A plant comprising: 

a process unit producing an effluent gas comprising sulfur dioxide and oxygen; 

a reducing gas generator that receives at least a portion of the effluent gas, wherein the 
reducing gas generator is configured and operated under a condition that substantially 
depletes the effluent gas from oxygen; 
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a hydrogenation reactor fluidly coupled to the process unit, receiving the substantially 

oxygen depleted effluent gas and producing a hydrotreated substantially oxygen depleted 
effluent gas comprising hydrogen sulfide; and 

a contactor fluidly coupled to the hydrogenation reactor and using a solvent that removes at 
least part of the hydrogen sulfide from the hydrotreated substantially oxygen depleted 
effluent gas. 

22. The plant of claim 2 1 wherein the process unit comprises a catalyst regenerator in an S Zorb 
process and wherein the effluent gas is a catalyst regenerator effluent gas. 

23 . The plant of claim 2 1 wherein the sulfur dioxide in the effluent gas has a concentration of 
between about 0% to 5%. 
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AMENDED CLAIMS 

[Received by the International Bureau on the 19 February 2003 (19.02.03). 
Claims 1,11 and 21 revised, remaining claims unchanged (4 pages)] 

1 . A plant comprising: 

a process unit producing an effluent gas comprising sulfur dioxide; 

a hydrogenation reactor fluidly coupled to the process unit, receiving a mixed feed gas 
comprising at least a portion of the effluent gas, and producing a hydrotreated 
feed gas comprising hydrogen sulfide; 

a contactor fluidly coupled to the hydrogenation reactor and using a solvent that 

removes the hydrogen sulfide, thereby producing a hydrogen sulfide depleted 
offgas; and 

a recycle loop fluidly coupled to the contactor and the hydrogenation reactor, wherein 
the recycle loop provides at least a portion of the hydrogen sulfide depleted 
offgas from the contactor to the effluent gas, thereby forming the mixed feed 
gas, wherein the mixed feed gas has a sulfur dioxide concentration no more 
than 2.5%. 

2. The plant of claim 1 wherein the process unit comprises a catalyst regenerator in an S 
Zorb process and wherein the effluent gas is a catalyst regenerator effluent gas. 

3. The plant of claim 1 wherein the sulfur dioxide in the effluent gas has a concentration 
of between about 0% to 5%. 

4. The plant of claim 1 wherein the sulfur dioxide in the effluent gas has a concentration 
of between about 0% to 3%. 

5. The plant of claim 1 wherein the sulfur dioxide concentration in the mixed feed gas is 
no more than 1 .7%. 

6. The plant of claim 1 wherein the sulfur dioxide concentration in the mixed feed gas is 
no more than 1.5%. 

7. The plant of claim 1 wherein the hydrogenation reactor comprises a cobalt 
molybdenum catalyst. 
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8. The plant of claim 1 wherein the solvent comprises an amine-containing solvent. 

9. The plant of claim 1 further comprising a reducing gas generator that receives at least 
a portion of the effluent gas ? wherein the reducing gas generator is configured and 
operated under a condition that substantially depletes the effluent gas from oxygen. 

10. The plant of claim 1 wherein between about 20% to about 40% of the hydrogen 
sulfide depleted offgas from the contactor is combined with the effluent gas to form 
the mixed feed gas to the hydrogenation reactor. 

11. A method of treating an effluent gas comprising 

providing a process unit producing an effluent gas that has a sulfur dioxide 
concentration of at least 1%; 

fluidly coupling a hydrogenation reactor to the process unit, and providing a mixed 
feed gas comprising at least a portion of the effluent gas to the hydrogenation 
reactor, thereby producing a hydrotreated effluent gas comprising hydrogen 
sulfide; 

fluidly coupling a contactor to the hydrogenation reactor and using a solvent that 

removes the hydrogen sulfide, thereby producing a hydrogen sulfide depleted 
offgas; and 

combining at least a portion of the hydrogen sulfide depleted offgas from the 

contactor with the effluent gas from the process unit, thereby forming a mixed 
feed gas with a sulfur dioxide concentration of no more than 2.5%. 

12. The method of claim 1 1 wherein the process unit comprises a catalyst regenerator in a 
S Zorb process and wherein the effluent gas is a catalyst regenerator offgas. 

13. The method of claim 1 1 wherein the sulfur dioxide concentration in the effluent gas is 
between about 1% and 3%. 

14. The method of claim 1 1 wherein the sulfur dioxide concentration in the effluent gas is 
between about 1% and 5%. 
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15. The method of claim 1 1 wherein the sulfur dioxide concentration in the mixed feed 
gas is no more than 1.7%. 

16. The method of claim 1 1 wherein the sulfur dioxide concentration in the mixed feed 
gas is no more than 1 .5%. 

17. The method of claim 1 1 wherein the hydrogenation reactor comprises a cobalt 
molybdenum catalyst. 

1 8. The method of claim 1 1 wherein the solvent comprises an amine-containing solvent. 

19. The method of claim 1 1 further comprising providing a reducing gas generator that 
receives at least a portion of the effluent gas, wherein the reducing gas generator is 
configured and operated under a condition that substantially depletes the effluent gas 
from oxygen. 

20. The method of claim 1 1 wherein between about 20% to about 40% of the hydrogen 
sulfide depleted offgas from the stripper is combined with the effluent gas to form the 
mixed feed gas to the hydrogenation reactor. 

21. A plant comprising: 

a process unit producing an effluent gas comprising sulfur dioxide and oxygen; 

a reducing gas generator that receives at least a portion of the effluent gas, wherein 
the reducing gas generator is configured and operated under a condition that 
substantially depletes the effluent gas from oxygen; 

a hydrogenation reactor fluidly coupled to the process unit, receiving a mixed gas 
comprising a hydrogen sulfide depleted gas and the substantially oxygen 
depleted effluent gas and producing a hydrotreated substantially oxygen 
depleted effluent gas comprising hydrogen sulfide; and 

a contactor fluidly coupled to the hydrogenation reactor and using a solvent that 
removes at least part of the hydrogen sulfide from the hydrotreated 
substantially oxygen depleted effluent gas, thereby forming the hydrogen 
sulfide depleted gas. 
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22. The plant of claim 21 wherein the process unit comprises a catalyst regenerator in an 
S Zorb process and wherein the effluent gas is a catalyst regenerator effluent gas. 

23. The plant of claim 21 wherein the sulfur dioxide in the effluent gas has a 
concentration of between about 0% to 5%. 
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